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Abstract
Background  Nearly 20% of patients who undergo hiatal hernia (HH) repair and anti-reflux surgery (ARS) report recurrent 
HH at long-term follow-up and may be candidates for redo surgery. Current literature on redo-ARS has limitations due to 
small sample sizes or single center experiences. This type of redo surgery is challenging due to rare but severe complica-
tions. Furthermore, the optimal technique for redo-ARS remains debatable. The purpose of the current multicenter study 
was to review the outcomes of redo-fundoplication and to identify the best ARS repair technique for recurrent HH and 
gastroesophageal reflux disease (GERD).
Methods  Data on 975 consecutive patients undergoing hiatal hernia and GERD repair were retrospectively collected in five 
European high-volume centers. Patient data included demographics, BMI, techniques of the first and redo surgeries (mesh/
type of ARS), perioperative morbidity, perioperative complications, duration of hospitalization, time to recurrence, and 
follow-up. We analyzed the independent risk factors associated with recurrent symptoms and complications during the last 
ARS. Statistical analysis was performed using GraphPad Prism® and R software®.
Results  Seventy-three (7.49%) patients underwent redo-ARS during the last decade; 71 (98%) of the surgeries were performed 
using a minimally invasive approach. Forty-two (57.5%) had conversion from Nissen to Toupet. In 17 (23.3%) patients, the 
initial Nissen fundoplication was conserved. The initial Toupet fundoplication was conserved in 9 (12.3%) patients, and 5 
(6.9%) had conversion of Toupet to Nissen. Out of the 73 patients, 10 (13%) underwent more than one redo-ARS. At 8.5 
(1–107) months of follow-up, patients who underwent reoperation with Toupet ARS were less symptomatic during the post-
operative period compared to those who underwent Nissen fundoplication (p = 0.005, OR 0.038). Patients undergoing mesh 
repair during the redo-fundoplication (21%) were less symptomatic during the postoperative period (p = 0.020, OR 0.010). 
The overall rate of complications (Clavien-Dindo classification) after redo surgery was 11%. Multivariate analysis showed 
that the open approach (p = 0.036, OR 1.721), drain placement (p = 0.0388, OR 9.308), recurrence of dysphagia (p = 0.049, 
OR 8.411), and patient age (p = 0.0619, OR 1.111) were independent risk factors for complications during the last ARS.
Conclusions  Failure of ARS rarely occurs in the hands of experienced surgeons. Redo-ARS is feasible using a minimally 
invasive approach. According to our study, in terms of recurrence of symptoms, Toupet fundoplication is a superior ARS 
technique compared to Nissen for redo-fundoplication. Therefore, Toupet fundoplication should be considered in redo inter-
ventions for patients who initially underwent ARS with Nissen fundoplication. Furthermore, mesh repair in reoperations has 
a positive impact on reducing the recurrence of symptoms postoperatively.
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Fundoplication is one of the most effective treatments for 
hiatal hernia and gastroesophageal reflux disease (GERD). 
The revolution of minimally invasive surgery and the initial 
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report of laparoscopic fundoplication in 1990 by Dallemagne 
have led to an increase in the number of fundoplications per-
formed [1–3]. Studies have shown that the functional out-
comes of laparoscopic anti-reflux surgery (ARS) are nearly 
equal to those of the open approach with significantly lower 
rates of postoperative morbidity and shorter hospital stay 
[4–7]. However, the ARS, performed by an open approach 
or laparoscopically, can fail and thus require repeat surgery 
for persistent or recurrent symptoms [8–11]. The failure rate 
of open or laparoscopic approaches ranges from 3 to 30% [7, 
10]. This variability may be explained by differences in the 
definition of failure from center to center. It is clear that, as 
the surgeon progresses through his/her learning curve, the 
number of cases of redo-fundoplication decreases [12]. In 
fact, most laparoscopic fundoplication failures occur at the 
beginning of the surgeon’s career [13].

The management of cases of reoperation is more com-
plex and most patients are dissatisfied. Operating on these 
patients is challenging and complex with a high rate of mor-
bidity up to 50% [14]. Reoperation can lead to life-threaten-
ing complications such as intraoperative esophageal perfora-
tion due to the altered anatomy. Although the effectiveness 
of mesh in preventing recurrence is reported in the literature, 
there is no consensus regarding the role of mesh repair in 
treating recurrent cases [15]. Furthermore, there are limited 
data in the literature concerning the best fundoplication tech-
nique (360°, 270° or 180°) for redo surgery to prevent new 
onset or recurrence of GERD [16].

This large multicenter study on redo-fundoplication 
aimed, first, to report specific intra- and postoperative com-
plications and the short-term efficacy and, second, to analyze 
quality of life according to each type of ARS.

Materials and methods

Data source and study population

The Institutional Review Board of the University of Mont-
pellier approved this study protocol (#17-0124) and waived 
the requirement for informed consent. We retrospectively 
reviewed the database of re-operative open and laparoscopic 
ARS cases performed in five high-volume centers (two at 
the University Hospital of Montpellier, one at the University 
Hospital of Nimes, one at the Beau Soleil Polyclinic and 
one at the Luxembourg Hospital). The study was approved 
by the Institutional Review Board of each institution. All 
operations were performed by expert senior surgeons who 
have performed more than 50 ARS procedures.

Out of 975 patients undergoing surgery for hiatal hernia, 
GERD or both in the five centers between January 2007 
and January 2017, seventy-three (7.49%) patients underwent 
redo-fundoplication.

Patient data included demographics, BMI, techniques 
of the first and reoperation surgeries (mesh/type of fun-
doplication), perioperative morbidity, operative complica-
tions, duration of hospitalization, interval to recurrence and 
follow-up.

Definitions of recurrence and failure

The reasons for redo surgery after a failed fundoplication 
are as follows: persistent GERD, recurrent GERD, new 
disabling symptoms such as severe dysphagia, and frequent 
vomiting.

Currently, there is a lack of a common definition of fun-
doplication failure. In our own clinical practice, the usual 
definition of failure requiring reoperation is recurrent or 
persistent gastroesophageal reflux symptoms developing 
from an anatomical complication or new disabling symp-
toms such as dysphagia or frequent vomiting. Preoperative 
work-up before redo surgery includes endoscopy and barium 
swallow or a CT scan to assess all possible anatomical com-
plications such as recurrence of hiatal hernia, wrap migra-
tion, stenosis, etc [7].

Inclusion criteria

All patients undergoing operation or reoperation for recur-
rent hiatal hernia and/or GERD from January 2007 to Janu-
ary 2017 in the above five centers were included in the study. 
All patients underwent the same operative techniques and 
experiences and postoperative protocols.

Exclusion criteria

•	 Pediatric patients less than 16 years old
•	 Patients with severe mental disabilities
•	 Patients with missing data at follow-up and/or missing 

operative notes

The primary endpoint for our study was to identify the 
best redo-ARS procedure in terms of morbidity and effi-
cacy in treating recurrent symptoms (univariate/multivariate 
analysis of the factors associated with recurrent symptoms 
after the last ARS).

The secondary endpoints were as follows:

A.	 to study the factors associated with risks of complica-
tions and to define the parameters associated with the 
worst and the best outcomes of the last ARS (univariate/
multivariate analysis)

B.	 to determine whether the minimally invasive versus the 
open approach is superior for redo surgery

C.	 to determine whether mesh repair versus direct suture is 
the superior method to treat the hiatal defect
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The surgical technique for redo‑fundoplication

The operation begins with adhesiolysis, the extent of 
which depends on the type of the previous procedure and 
access. Adhesiolysis is followed by thorough dissection 
of the hiatal crura and stepwise mobilization of the herni-
ated fundic wrap. The distal part of the esophagus is then 
mobilized superiorly into the thorax and the hernia sac is 
reduced and resected. As a basic principle, the previous 
fundoplication is taken down in every patient, and if the 
hiatus is more than 5 cm, our protocol is to perform a 
mesh repair. After complete restoration to the initial ana-
tomic structure, the procedure continues with the hiatal 
closure. First, the hiatal crura are approximated with sim-
ple interrupted 2–0 non-absorbable sutures. The simple 
sutured cruroplasty is placed as close as possible with the 
esophagus lying loosely between the crura with no nar-
rowing. Mesh reinforcement is considered when simple 
cruroplasty with non-absorbable suture is impossible due 
to a large hiatal defect or the defect is too fibrotic to be 
re-approximated due to excessive tension.

The prosthetic reinforcement is then placed on the 
diaphragm and the approximated crura; it is fixed cir-
cumferentially with non-absorbable suture. Fixation is 
performed with great care to avoid tack injury.

The next step is to perform the redo-fundoplication 
with Nissen fundoplication (360° wrap) or Toupet fun-
doplication (270° wrap) in cases of dysphagia, fixing the 
stomach wrap to the crura and the esophagus by a non-
absorbable 2–0 suture.

A drain is inserted only in cases of esophageal or stom-
ach injury.

The same procedures are performed in laparoscopic/
robotic or open techniques.

Postoperative management

In our practice, if intraoperative gastric or esophageal 
injury is undoubtedly ruled out, the patient begins a liquid 
diet during the first 24 h after surgery and then advances 
to solids. In case of complicated redo-fundoplication with 
gastric injury, the patient remains NPO (null by mouth) 
with a nasogastric tube for 24 h. Thereafter, we perform a 
CT scan with oral contrast or a barium swallow according 
to the surgeon’s preference to detect possible complica-
tions such as esophageal or gastric perforation or stenosis. 
The patient starts with a liquid diet and advances to small 
frequent meals as tolerated. If the patient is clinically 
well, he/she is discharged on day 4 or 5 with pain control 
and protons pumps inhibitors for one month.

Follow‑up

According to our protocol, the initial follow-up visit occurs 
one month after the surgery. All patients with persistent or 
worsening symptoms after the primary intervention or the 
redo-fundoplication undergo further investigations such as a 
CT scan and gastroscopy. If failure of the primary redo-fun-
doplication is documented and the patient is symptomatic, 
the patient is planned for redo-fundoplication.

Patients with recurrent or worsening symptoms after the 
primary intervention or redo-fundoplication underwent more 
than one follow-up visit.

Statistical analysis

All statistical analyses were conducted by the Department 
of the Statistical Analysis Unit of the University of Mont-
pellier using GraphPad Prism® and R software®. Descrip-
tive data were expressed as the mean ± standard deviation. 
Categorical variables and proportions were compared using 
the χ2 test or the Fisher exact test. Logistic regression mod-
eling was performed to identify significant variables to pre-
dict failure. The univariate analysis was performed using 
a logistic regression model where the predicted variables 
were the outcomes of the surgery in terms of persistence of 
symptoms (symptomatic versus asymptomatic) and the pres-
ence of complications. An OR > 1 represents a major risk of 
complication (complications versus no complications). The 
variables which were found to have a p value < 0.15 on uni-
variate analysis were further analyzed using a multivariate 
logistic model (Table 1).

Results

Significant variables influencing the persistence of symp-
toms after redo-ARS according to the univariate analysis 
(Table 2) were patient BMI, complications following the 
first fundoplication, type of redo-fundoplication, presence of 
a drain after redo-ARS, and the mean LOS after redo-ARS.

In multivariate analysis, the variables were type of redo-
fundoplication, presence of a drain after redo-ARS, mean 
LOS after redo-ARS, and the use of mesh reinforcement.

Demographic data

Out of 975 patients undergoing surgery for hiatal hernia and 
GERD in the last 10 years, 73 (7.49%) underwent reopera-
tion. Tables 2 and 3 show the general characteristics of the 
patients. Mean follow-up duration was 8.5 (1–107) months.
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ARS technique

Forty-two (57.5%) cases were converted from Nissen to Tou-
pet, 17 (23.3%) conserved the initial Nissen fundoplication, 
9 (12.3%) conserved the initial Toupet fundoplication, and 
5 (6.9%) were converted from Toupet to Nissen.

According to our findings, the best surgical treatment for 
redo-ARS was the Toupet fundoplication. Patients undergo-
ing the Toupet procedure were less symptomatic at follow-
up compared to those undergoing Nissen (p = 0.050, OR 
0.314 univariate analysis; p = 0.005, OR 0.038 multivariate 
analysis) (Tables 2, 3).

Laparoscopic or open approach

Seventy-one (98%) cases were performed laparoscopically 
and only two cases were performed by the open approach. 
There was no significant difference between the laparoscopic 
and open approaches in terms of persistence of symptoms 
after redo-fundoplication (p value 0.251). However, the open 
approach was associated with perioperative complications 
including esophageal or gastric perforation and longer hospi-
tal stay (18–20 days vs 4–6 days with the minimally invasive 
approach, p = 0.020, OR 1.460 univariate analysis; p = 0.036, 
OR 1.721 multivariate analysis) (Tables 2, 3).

Table 1   A systematic review (1999–2016) of the literature on redo-ARS

NR not reported, *Heller myotomy of the lower esophageal sphincter, **Hill cardia calibration with posterior gastropexy, Laparos laparoscopic, 
Intraop intraoperative

First author No. of 
patients 
(total)

No. of 
laparoscopic 
redo No. 
(%)

Open redo 
or conver-
sion to open 
No. (%)

Nissen 
(360°) No. 
(%)

Toupet 
(270°) No. 
(%)

Mesh repair 
No. (%)

Other pro-
cedures

Hospital 
stay (days)

Complication 
rate No. (%)

Floch et al. 
[14]

46 46 8 (19%) 
(converted 
to open)

22 (47%) 13 (28%) NR Dor; 2
*Heller (2) 

46 (2)

4.7 15 (32%)

Watson et al. 
[26]

27 17 (62%) 10 (37%) 15 (55%) 6 (22%) NR 6; 3 suture 
repair, 3 
widening 
of hiatus

3 NR

Awad et al. 
[20]

37 32 (86.5%) 5 (13.5%) 27 (72%) 9 (24%) NR 0 4 6 (16%) 
Intraop

Serafini 
et al. [27]

28 25 (89%) 3 (10%) 23 (82%) 5 (17%) NR 0 9 (53%)

Granderath 
et al. [28]

33 33 (100%) 0 21 (63%) 12 (36%) 33 (100%) 0 NR 4 (9.8%)

Papasavas 
et al. [29]

54 54 (100%) 3 (5.6%) 22 (40%) 24 (44%) NR Dor 2
Heller 

mytomy1

2.3 14 (18%)

Byrne et al. 
[25]

118 101 (85.6) 17 (14%) 63 (53%) 1 (0,8%) NR 5 Dor 3 NR

Oelschlager 
et al. [30]

41 41 (100%) 0 37 (90%) 3 (7%) NR NR 2 12 (31.7%) 
Intraop 5 
(12%) post-
operative

Khajanchee 
et al. [31]

176 176 (100%) 1.1 (1%) 131 (74%) 26 (14.6%) NR **Hill 
repair 4

Subtot-gas-
tectomy 6

Esophagec-
tomy 4

2.5 43 (24.4%)

Safranek 
et al. [32]

35 32 (91%) 3 (8%) 24 (68.5%) 3 (8%) 8 (22%) 1 (3%)
Dor

2 5 (14%)

Banki et al. 
[21]

47 patients
50 proce-

dures

41 (82%) 9 (18%) 40 (80%) 6 (12%) NR* Dor1
Hill 2

3 Laparos
10 open

20 (40%)

Our study 
(2017)

73 71 (97.2%) 2 (2,7%) 25 (34%) 45 (61%) 16 (21%) 1 Dor 5.6 8 (11%)
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The role of mesh

Mesh repair during the first operation was not associated 
with an increased risk of symptoms at the time of the redo-
ARS (p = 0.625). However, we found that using mesh for 
the redo-fundoplication (21%) was associated with a lower 
risk of having symptoms (p = 0.180, OR 0.33 univariate 
analysis; p = 0.020, OR 0.010 multivariate analysis) and 
improved quality of life during the postoperative follow-up 
period compared to direct suture alone.

Postoperative complications

The variables found to affect risk of postoperative compli-
cations in uni- and multivariate analyses were patient age 

and BMI, presence of postoperative dysphagia, and drain 
placement.

There were no perioperative deaths in our study. The 
complications were categorized based on the Clavien-Dindo 

Table 2   Univariate analysis of the factors associated with risk of symptoms after the last ARS

F female, M male, GERD gastroesophageal reflux disease, BMI body mass index

Variable Odds ratio 95% confidence 
interval

p value

Age Years 1.021 0.978 1.066 0.349
Gender F versus M 0.884 0.298 2.619 0.824
BMI Kg/m2 0.731 0.584 0.916 0.007
Hiatal hernia Yes versus no 0.372 0.068 2.037 0.254
GERD Yes versus no 2.419 0.606 9.659 0.211
Type of first fundoplication Toupet versus Nissen 0.425 0.083 2.170 0.304
Prosthetic material at first surgery Yes versus no 0.569 0.059 5.459 0.625
Time to symptom recurrence after first fundoplication Months 1.003 0.997 1.009 0.367
Hiatal hernia recurrence after first surgery Yes versus no 0.810 0.135 4.841 0.817
GERD recurrence Yes versus no 0.880 0.258 2.997 0.838
Dysphagia recurrence Yes versus no 1.481 0.478 4.592 0.497
Perioperative complication at first surgery Yes versus no 5.294 0.450 62.243 0.185
Type of last fundoplication Toupet versus Nissen 0.314 0.099 0.998 0.050
Sequence of interventions Nissen/Nissen versus Nissen/Toupet 2.646 0.162 16.719 0.00714

Toupet/Nissen versus Nissen/Toupet 2.584 0.214 21.202 0.04550
Toupet/Toupet versus Nissen/Toupet 1.292 0.118 14.138 0.8340

Prosthetic material at last fundoplication Yes versus No 0.333 0.067 1.661 0.180
Drain at last fundoplication Yes versus No 5.278 1.622 17.175 0.006
Hospital stay at last fundoplication Days 1.460 1.062 2.008 0.020
Complication at last fundoplication Yes versus No 5.119 1.083 24.196 0.039
Number of surgeries N 1.542 0.519 4.577 0.435

Table 3   Multivariate analysis of 
the factors associated with risk 
of symptoms after the last ARS

Variable Odds ratio 95% confidence 
interval

p value

Hospital stay at last fundoplication Days 1.721 1.037 2.857 0.036
Drainage at last fundoplication Yes versus no 16.238 1.849 142.614 0.012
Prosthetic material at last fundoplication Yes versus no 0.010 < 0.001 0.485 0.020
Type of fundoplication at last surgery Toupet versus Nissen 0.038 0.004 0.380 0.005

Table 4   Perioperative complications based on the Clavien–Dindo 
classification

Complication No. of cases Clavien–
Dindo clas-
sification

Gastric perforation 4 III
Esophageal perforation 1 III
Splenic injury 1 II
Pneumothorax 1 II
Pleural effusion 1 II
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Classification (Table 4). Eight patients (11%) had periopera-
tive complications. Four patients experienced gastric perfo-
ration during the dissection of the old fundoplication. The 
gastric injury was recognized in all four cases and repaired 
intraoperatively with suturing. One patient experienced 
esophageal perforation which was unrecognized periop-
eratively and complicated by an esophageal leak postop-
eratively. The patient was managed conservatively by drain 
placement, and subsequent CT scan with contrast showed 
complete resolution of the leak. One patient had splenic 
injury treated conservatively. Two patients had respiratory 
complications including pneumothorax and pleural effusion. 
The presence of complications of redo-fundoplication was 
significantly associated with persistence of symptoms (p 
value 0.02) at follow-up. (Tables 5, 6).

In the univariate analysis of the factors associated with 
complications (Table 5) or the presence of symptoms after 
redo-fundoplication, we found that patients with a drain dur-
ing the postoperative period were more likely to be symp-
tomatic (p = 0.0037, OR 12.750). In addition, there was a 
significant relationship between BMI and persistence of 
symptoms after redo-ARS (p = 0.14, OR 0.822). In fact, 
patients with low BMI (< 25) were more prone to symptoms 
after redo-fundoplication.

Furthermore, regarding the primary intervention, univari-
ate analysis showed that recurrence of symptoms after the 
initial intervention was slightly significant and was related 
to the persistence of GERD symptoms such as heartburn 
and regurgitation after the redo-ARS (p = 0.0637, OR 4.260) 
(Table 5).

Multivariate analysis (Table 6) showed that recurrence 
of dysphagia (p value 0.0637), drain placement during 
the redo-fundoplication (p = 0.038, OR 9.308), and age 
of the patient (p = 0.0619, OR 1.11) were associated with 
an increased risk of complications during the last ARS.

Risk of more than one redo‑fundoplication

Out of 73 patients, 10 patients (13%) underwent more 
than one redo-ARS. There was a trend toward a significant 
association between mesh repair at the primary interven-
tion and the risk of reoperation (p = 0.11). In addition, 
delay between the primary intervention and the first redo-
fundoplication was a risk factor for a second redo-ARS 
(p = 0.12). A shorter delay between the primary interven-
tion and the first redo-ARS was a risk factor for a second 
redo-ARS (p = 0.12, OR 0.82).

Table 5   Univariate analysis of 
the factors associated with risk 
of complications during the last 
ARS

F female, M male, GERD gastroesophageal reflux disease, BMI body mass index

Variable Odds ratio 95% confidence 
interval

p value

Gender F versus M 1.216 0.267 5.532 0.8001
Hiatal hernia Yes versus no > 999.999 < 0.001 > 999.999 0.9664
GERD Yes versus no 0.667 0.144 3.085 0.6040
Type of first operation Toupet versus Nissen 0.429 0.049 3.773 0.4452
Prosthetic material Yes versus no 1.629 0.166 16.018 0.6758
Hiatal hernia recurrence Yes versus no > 999.999 < 0.001 > 999.999 0.9664
GERD recurrence Yes versus no 0.918 0.168 5.035 0.9219
Dysphagia recurrence Yes versus no 4.260 0.921 19.701 0.0637
Perioperative complication Yes versus no > 999.999 < 0.001 > 999.999 0.9784
Re-intervention: type of reflux surgery Toupet versus Nissen 1.375 0.246 7.682 0.7168
Re-intervention: prosthetic material Yes versus no 0.467 0.053 4.102 0.4920
Re-intervention: drain Yes versus no 12.750 2.284 71.161 0.0037
Age  Years 1.094 1.007 1.189 0.0326
BMI  Kg/m2 0.822 0.633 1.067 0.1416
Time to recurrence 0.996 0.986 1.005 0.3513
Time to re-intervention 0.995 0.985 1.005 0.2924
Hospital stay (days) 1.583 1.139 2.200 0.0062

Table 6   Multivariate analysis of the factors associated with risk of 
complications during the last ARS

Variable Odds ratio 95% confi-
dence interval

p value

Dysphagia 
recurrence

Yes versus no 8.411 1.010 70.026 0.0489

Re-intervention: 
drain

Yes versus no 9.308 1.121 77.284 0.0388

Age Years 1.111 0.995 1.240 0.0619
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Discussion

At follow-up, minimally invasive partial Toupet redo-ARS 
was superior to Nissen fundoplication in terms of the rate 
of recurrent symptoms.

Arpad et al. recommend Roux-en-Y construction in 
cases of a large recurrent hernia and short esophagus [16] 
but does not mention superiority of one technique over 
the another.

In our practice in France, we mainly perform Toupet 
fundoplication, as it is associated with a lower incidence 
of dysphagia [17, 18]. In our study, during reoperation, 
42 (57.5%) out of 73 patients had conversion from Nissen 
to Toupet fundoplication. Twenty-six (35.6%) conserved 
the initial fundoplication and only 5 patients (6.9%) had 
conversion from Toupet to Nissen.

In our cohort, 98% of the ARS was completed lapa-
roscopically without the need for open conversion. We 
found that there is no significant difference between the 
laparoscopic and open approaches in terms of persistence 
of symptoms in the postoperative period; however, our 
findings are limited by the small number of open cases.

More cases of open redo-ARS must be evaluated to 
understand the difference between the two approaches. 
According to the literature, laparoscopic redo-ARS is 
considered safe and effective in treating recurrent HH and 
GERD, but there is no evidence of its superiority in terms 
of risk of recurrence [19–21]. Banki et al. found that there 
is an 8.5% recurrence rate after open laparoscopic redo-
fundoplication [21].

Concerning the mesh repair, in the present study, mesh 
repair at reoperation led to fewer symptoms after redo-
ARS than fundoplication without mesh repair. Mesh rein-
forcement should be used more frequently, and serious 
complications reported with mesh (migration and perfo-
ration) during redo surgery may outweigh its potential 
benefits. To our knowledge, there have been no studies 
analyzing the role of mesh in redo-ARS. A multicenter 
randomized trial showed a reduction in recurrence of 
hiatal hernia after primary laparoscopic paraesophageal 
hernia repair at 6 months with the use of biologic pros-
thetic mesh (9%) compared to primary closure (24%) [22]. 
In addition, a study by Lidor et al. showed that laparo-
scopic repair of a paraesophageal hernia resulted in excel-
lent long-term quality of life. Based on the above findings 
and our study results, we recommend the use of mesh in 
redo-fundoplication.

In our study, we surprisingly found that patients with 
low BMI are at greater risk for persistent symptoms after 
redo-ARS. In fact, in the literature, we found the opposite 

results. Perez et al. reported that 31.3% of obese patients 
had symptom recurrence after the primary fundoplication, 
and this was significantly higher than that of the non-obese 
population [23]. Akimoto et al. also described a higher 
failure rate of fundoplication in obese patients with dis-
rupted fundoplication being the most common pattern 
[24].

Furthermore, in our study, we found that postoperative 
dysphagia is associated with postoperative complications. 
The causes of postoperative dysphagia include stenosis 
associated with a tight fundoplication, hiatal hernia recur-
rence, and presence of mesh. This finding is consistent 
with the findings by Byrne et al., in which three-quarters 
of patients who underwent redo surgery required reopera-
tion [25]. In addition, drain placement at redo-ARS was a 
risk factor for postoperative complications. Intraoperative 
complications such as gastric or esophageal perforation 
usually involve placing a drain.

The present study shows that patients with a drain in the 
postoperative period tend to be symptomatic during the 
follow-up period. The presence of a postoperative drain, 
above all, translates to laborious surgery or intraoperative 
complications. The drain itself is not predictive of post-
operative symptoms.

The main limitation of our study is the retrospective 
nature and the absence of a quality of life assessment. In 
addition, some of the patients were lost to follow up after 
the reoperation. The number of recurrent cases may also 
be underestimated as some of the follow-up data do not 
include endoscopic or radiological studies.

In conclusion, redo-ARS remains a challenging opera-
tion in terms of the recurrence of symptoms and risks of 
complications despite the advantages of minimally inva-
sive surgery.

Based on data from long-term follow-up, the conversion 
to partial 270° Toupet in redo-ARS is superior to Nissen 
in terms of recurrence of symptoms.
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